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57} ABSTRACT

A permanent magnet servomotor having a split series
aiding field adapted for direct connection to an SCR or
other switching type drive amplifier and permitting the
use of high flux density permanent magnet poles which
provide an intended high field strength to accomplish
commutation at higher horsepower while being im-
mune from pole demagnetization.

10 Claims, 7 Drawing Figures
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HYBRID FIELD PERMANENT MAGNET MOTOR

FIELD OF THE INVENTION

This invention relates to permanent magnet motors,

and more particularly to a permanent magnet motor
having a hybrid field operative to prevent demagnetiza-

tion of the permanent magnet poles as a result of arma-

ture reaction.

BACKGROUND OF THE INVENTION

Permanent magnet motors and generators are subject

to the tendency to permanently demagnetize the perma-

nent magnet field poles as a result of armature reaction.
To prevent or minimize such demagnetization, various
arrangements of field coils have been proposed hereto-
fore which are in circuit with the armature to provide a
cumulative MMF to counteract the demagnetization.
One known field compensation technique employs a
split series aiding field to cause armature currents to
pass through the field with sufficient turns in the field to
protect the permanent magnet poles from the demagne-
tization. Such split series aiding fields are shown, for
example, in U.S. Pat. Nos. 3,427,484 and 3,566,251 and
German Pat. Nos. 711,343 and 506,984,

For applications in which the motor is part of a bidi-
rectional servocontrol system, the field is usually ex-
cited by a switching type drive amplifier such as an
SCR amplifier, which provides positive and negative
drive signals in accordance with the intended direction
of motor rotation. The driving signals may be rapidly
switched to provide forward and backward rotation
during servo operation and simultaneous application of
the positive and negative driving signals can occur
which can cause destructive short circuit currents. The
driving signals are usually applied to the motor by way
of a center tapped inductor which serves to limit the
short circuit current in the event of cross firing of the

drive amplifier.

SUMMARY OF THE INVENTION

. Briefly, the invention provides a permanent magnet
servo-motor - which achieves relatively high horse-
power for a given frame size. The novel motor employs
a split series aiding field adapted for direct connection
to'an SCR or other switching type drive amplifier, the
field winding itself providing intended inductance with-
out need for a physically distinct coupling inductor.
This series field also permits the use of a high flux den-
sity permanent magnet material such as alnico 5, which
provides the intended high field strength to accomplish
sparkless commutation at higher horsepower by provid-
ing substantial or total immunity from pole demagneti-
zation. The poles are composed of a plurality of radially
disposed permanent magnets secured in the housing by
spring members which also serve to accommodate the
field coils comprising the split series field winding. The
poles are preferably cast to the desired shape and are
employed “as cast” without need for any precision
grinding or machining of the pole surfaces. In addition,
the poles are maintained by the spring members within
the motor housing without need for screws or other
fasteners affixed to the motor housing. The novel motor
can also be employed for two terminal operation in
which mode a pair of semiconductor diodes are prefera-
bly mounted within the motor housing and connected

to the split field winding.
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2
DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the
following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 is a sectional elevation view of a motor ac-
cording to the invention;

FIG. 2 is a sectional end elevation view of the em-
bodiment of FIG. 1, -

FIG. 3 is a partially cutaway pictorial view of the
embodiment of FIG. 1 with the armature removed;

FIG. 4 is a schematic representation of a single phase
half wave drive circuit for the novel motor;

FIG. 5 is a schematic representation of a single phase
full wave drive circuit for the novel motor; |

FIG. 6 is a schematic representation of a three phase
half wave drive circuit for the novel motor; and

FIG. 7 is a schematic representation of a single phase
two terminal drive circuit for the novel motor.

DETAILED DESCRIPTION OF THE
INVENTION

The novel motor is shown in FIGS. 1 through 3 and
includes a cylindrical casing affixed to a front end bell
12 and a rear end bell 14 and secured together to form
the motor housing. A plurality of permanent magnet
poles are supported within casing 10 and are symmetri-

cally disposed about the circumference of the motor

casing. The poles 16 are comprised of permanent mag-
nets 18 having an outer surface 20 cylindrically shaped
to.conform to the confronting wall of casing 10 against

- which the pole magnet 18 is supported. The magnet
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includes inwardly tapered side walls 22 which terminate
in an inner surface 24 of predetermined curved configu-
ration to define an intended pole face which confronts
the motor armature. A longitudinal slot 26 or other
opening is provided through magnet 17 to accommo-
date passage of a through-bolt 28 which secures the end
bells 12 and 14 to casing 10.

In the illustrated embodiment each pole 16 1s com-
prised of two magnets 18 mounted end to end along an
axis parallel to the motor shaft axis. The pole mounting
in casing 10 is accomplished according to the invention
without need for bolts or clamps fastened to the motor
housing. As seen most particularly in FIG. 2, the mag-
nets 18 defining the poles are circumferentially sepa-
rated by channel member 30 formed of a spring material
and which extends between adjacent poles substantially
along the length of the pole magnets. The poles are
maintained in intended mounting position by the spring
action of channels 30. The channels 30 also serve to
accommodate the field windings 32. The field windings
include coils 34 installed around respective poles 16.and
supported within channels 30 as illustrated. An insulat-
ing cover strip 36 can be provided in the open end of
channels 30 after installation of field coils 34 to serve as

~a cover for the coils and to compact the coil twine

disposed in the channels to provide efficient heat trans-
fer to the housing. The field coils are electrically con-
nected to provide a split series aiding field as will be
further described below.

The armature 40 is supported on motor shaft 42
which in turn is rotatable within bearings 44 and 46

provided in respective end bells 12 and 14. The motor

shaft 42 extends out one or both ends of the motor

housing for coupling to apparatus to be driven. A com-

mutator 48 is also affixed to and rotatable with shaft 42;
a plurality of brushes 50 are provided in operative asso-
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" ciation with commutator 48. The brushes 50 are sup-

ported by a brush assembly 52 supported within open-
ings provided in end bell 12. In the illustrated embodi-

“ment twelve brushes are employed equally spaced
about the circumference of the motor and arranged in

two groups of six brushes, each group being axially
- displaced from the other for contact with commutator
48 along two circumferential tracks. A cover ring 49 is
provided around the brush assemblies by which the
brushes are accessible for replacement.

As shown above, the pole megnets are maintained 1n
mounted position by the keystone action of the channels
30. Mounting hardware for the poles as employed in
conventional motor construction and which can oc-
cupy considerable space within the motor housing is
completely eliminated by the present construction, and
space within the housing is readily provided for installa-
tion of the field windings within the channels 30 also
employed to maintain the pole magnets in position. The
through-bolts 28 extending through openings 26 in the
pole magnets 18 do not interfere with the space needed
for accommaodation of the field windings. The openings
26 in the pole magnets are provided symmetrically with
respect to a radial center line of the magnet, such that
the bolt 28 passes through the center line of the magnet
at a position adjacent to the interior wall of casing 10.
The rotational position of the end bell 12 with respect to
the circumferential disposition of the poles 16 is deter-
mined by the bolt 28 secured to end bell 12 such that
there is no need for rotational adjustment of brushes 50
to provide optimum positioning of the brushes relative
the poles.

The magnets 18 are of alnico 5 and are radially ori-
ented magnetically. The magnets are cast to the in-
tended size and shape and are employed “as cast” with-
out need for subsequent precision grinding of any of the
magnet surfaces. The manufacturing cost of the perma-
nent magnet poles is therefore significantly less than
fabrication of poles of conventional construction requir-
ing precision grinding. The poles are cast to provide
optimum pole face configuration to minimize cogging.
A minimum air gap is provided at the center of the pole
face, the gap increasing toward the tips of the pole face,
as is known. The provision of the properly configured
air gap without need for grinding or machining of the
pole face provides a high performance motor having
minimum cogging without need for skewing of the
armature laminations as is commonly employed to mini-
mize cogging. The casing 10 of the motor housing
serves as a flux return path for the field, as well as the
main structural member between the end bells 12 and
14. The magnets 18 are also of tapered configuration to
focus the flux and provide a higher flux density and
thereby permit a minimum number of armature turns
which in turn minimizes armature self-inductance,
thereby permitting sparkless commutation at higher
horsepower. .

The motor is usually connected in a three terminal
configuration to an SCR or other switching type drive
circuit providing positive and negative driving signals.
A single phase half wave drive circuit is shown in FIG.
4 and includes a power transformer 70 having a primary
winding 72 connected to a source of AC power and a
center tapped secondary winding 74 connected as
shown to first and second silicon controlled rectifiers
(SCRs) 76 and 78 and with the center tap of winding 74

4

of split series field winding 82, the end terminals of
which are coupled respectively to the cathode of SCR

76 and the anode of SCR 78. The gate electrodes of the

SCR’s 76 and 78 are connected to a gate control circuit
84 which provides triggering of each SCR to provide
corresponding rotation of motor 80. In the event of

inadvertent cross firing of both SCR’s, the inductance

-provided by field winding 82 limits the magnitude of the

~ short circuit current to prevent destructive currents
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being connected to one brush terminal of motor 80. The

other brush of terminal 80 is connected to the center tap

from being applied to the motor.

An alternative drive circuit of single phase full wave
configuration is shown in FIG. 5. In this version, four
SCR’s 86, 88, 90 and 92 are connected as shown be-
tween secondary winding 74 and split field 82, the gate
control circuit 94 providing intended triggering of the
SCR’s. A drive circuit of multiphase configuration can
also be employed with the novel motor such as the three
phase half wave circuit of FIG. 6. In this latter embodi-
ment, a three phase power transformer 96 1s employed
having its primary windings 98 connected to a three
phase power source, and the secondary windings 100
connected as shown to six SCR’s 102-112 triggered by
a gate control circuit 114.

The novel motor is also operative in a two terminal
wiring configuration such as shown in FIG. 7. The split
field 116 of motor 80 is connected to oppositely poled
diodes 118 and 120 which are, in turn, connected to the
center tap of an inductor 122. The end terminals of
inductor 122 are connected to respective SCR’s 76 and
78. It will be appreciated that the drive circuit is similar
to that shown in FIG. 4, except that in FIG. 7, the

driving signals are applied via an inductor 122 to the

split field 116 and its associated diodes. The inductor is
employed on this two terminal driving configuration to
limit short circuit currents which can occur upon inad-
vertent cross firing of SCR’s 76 and 78.

When the motor is employed in a two terminal mode,
the semiconductor diodes preferably are mounted in the
motor housing and are internally connected to the split
field. Referring again to FIGS. 1-3, the diodes 116 and
118 are mounted on an electrically and thermally con-
ductive plate 56 which in turn is affixed to a mounting
surface 58 provided in end bell 12 by means of an elec-
trically insulative thermally conductive spacer 57. The
spacer 57 is typically mica or ceramic. A junction box
60 is affixed to end bell 12 around the mounting area of
diodes 116 and 118 within which electrical connection
is made to the diodes and to the armature. The mount-
ing plate 56, spacer 57 and associated portion of end bell
12 serve as an efficient heat sink for the diodes as well as
providing ready accessibility for connection or replace-
ment of the diodes.

It will be appreciated that the novel motor structure
can be implemented in various sizes and configurations
to suit particular operating requirements. The novel
structure is also useful as a permanent magnet genera-
tor. Accordingly, it is not intended to limit the inven-
tion by what has been particularly shown and described
except as indicated in the appended claims.

What is claimed is:

1. A DC motor comprising:

a housing;

a plurality of permanent magnet poles disposed in

said housing;

a plurality of elongated spring members, each dis-
posed between a pair of adjacent magnet poles and
operative to maintain said poles in predetermined
position within said housing, said spring members
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providing elongated channels between adjacent
ones of said poles and extending parallel to the
motor axis, said channels providing space within

said housing for field coils;
an armature disposed within said poles and mounted

on said housing for rotation with respect to said
housing and said poles; |
said housing providing a flux return path for said
permanent magnet poles; and
a plurality of field coils, each disposed around a re-
spective permanent magnet pole and having sides
disposed in respective channels of said spring mem-
bers;
said field coils being connected in split series connec-
tion to provide a split series aiding field winding.
2. A DC motor according to claim 1 including solid
state control means mounted for thermal dissipation on
said housing and electrically connected to said split
series field. |
3. A DC motor according to claim 1 wherein said
field winding includes first and second terminals
adapted for connection to a switching type drive ampli-
fier.
4. A DC motor according to claim 3 wherein said
field winding provides sufficient inductance to limit
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a plurality of field coils, each disposed around a re-
spective permanent magnet pole and having sides
disposed in respective channels of said spring mem-
bers: | |

said field coils being connected in split series connec-
tion to provide a split series aiding field winding;

said housing including:

a cylindrical casing and first and second end bells
cooperative therewith, each of said end bells
having bearing means for rotational support of
said armature; and

a plurality of through bolts, each adapted for pas-
sage through a respective opening In corre-
sponding ones of said permanent magnets for
securing said end bells to said casing.

7. A DC motor according to claim 6 further including

~ a plurality of insulating strips, each disposed within a

20

25

destructive short circuit currents in the event of cross

firing of said switching type drive amplifier.

5. A DC motor according to claim 1 wherein said
permanent magnet poles each include a precast perma-
nent magnet having an arcuate pole face of predeter-
mined surface configuration, an opposite surface of

cylindrical configuration conforming to the confronting

wall of said housing, and first and second side walls
inwardly tapered toward and terminating at said pole
face, said pole face and confronting armature defining a
gap of smallest dimension at the center of said pole face
and of increasing dimension toward the tips thereof.
6. A DC motor comprising:
a housing
a plurality of permanent magnet poles disposed In
said housing and each including: |
a precast permanent magnet having an arcuate pole
face of predetermined surface configuration, an
opposite surface of cylindrical configuration
conforming to the confronting wall of said hous-
ing, and first and second side walls inwardly
tapered toward and terminating at said pole face,
said pole face and confronting armature defining
a gap of smallest dimension at the center of said
pole face and of increasing dimension toward the
tips thereof; and

an opening extending through the magnet in a di-
rection parallel to the motor axis;

a plurality of elongated spring members, each dis-
posed between a pair of adjacent magnet poles and
operative to maintain said poles in predetermined
position within said housing, said spring members
providing elongated channels between adjacent
ones of said poles and extending parallel to the
motor axis;

an armature disposed within said poles and mounted
on said housing for rotation with respect to said
housing and said poles;

said housing providing a flux return for said perma-
nent magnet poles; and |
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respective channel of a corresponding spring member
and operative to compact the turns of the field coil
disposed in said channel to provide efficient heat trans-
fer to said housing. |

8. A DC motor according to claim 6 wherein one of
said end bells supports brush means in electrical cooper-
ation with said armature;

and wherein said through bolts secure said end bell

with respect to said housing to provide intended
alignment of said brush means with respect to said
poles. ‘

9. A DC motor according to claim 7 wherein one of
said end bells includes a plurality of brushes supported
for contact of the commutator of said armature;

~a junction box on said end bell within which electri-
cal connection is made to said armature.

10. A DC motor comprising:

a housing; -

a plurality of permanent magnet poles disposed in

said housing; |
a plurality of elongated spring members having in-
wardly extending end portions, each spring mem-

~ ber disposed between a pair of adjacent magnet
poles and operative to maintain said poles in prede-

~ termined position within said housing, said spring
members providing elongated channels between
adjacent ones of said poles and extending parallel
to the motor axis, said channels providing space
within said housing for field coils;

an armature disposed within said poles and mounted

on said housing for rotation with respect to said
housing and said poles;

said housing providing a flux return path for said

permanent magnet poles; and |

a plurality of field coils, each disposed around a re-

spective permanent magnet pole and having sides
disposed in respective channels of said spring mem-
bers;

said field coils being connected in split series connec-

tion to provide a split series aiding field winding;

a plurality of insulating strips, each disposed within a

respective channel of a corresponding spring mems-
ber and operative to compact the turns of the field
coil disposed in said channel to provide efficient
heat transfer to said housing, said strips securely
held in respective channels by said inwardly ex-

tending end portions.
* x x L
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